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Abstract. Science process skills and conceptual understanding of pre-service physics teachers were in the low category. 
This research was conducted to solve this problem by using worksheets based on virtual phenomenon instructions. This 
research aims to determine the effectiveness of worksheets and improvement of science process skills and understanding 
of concepts in pre-service physics teachers during the COVID-19 pandemic. The design of this research is one group 
pretest-postest with purposive sampling are pre-service physics teachers who take mechanics course in the academic year 
2020/2021 (n = 81) consists of 21 males and 60 females. There are 6 conceptual understanding questions for pretest and 
posttests based on Bloom’s Taxonomy (C2, C3, C4). Assessment of science process skills includes indicators of observing, 
classifying, interpreting, predicting and communicating consist of 5 questions. The data analysis technique uses the effect 
size and N-Gain score. Based on the result of this research, it was found that the improvement of science process skills and 
conceptual understanding of pre-service physics teachers reached 0.56 and 0.47 which was categorized as moderate. Effect 
size for science process skills and conceptual understanding are 3.5 and 1.9 are categorized very high so it can be concluded 
that the effectiveness of kinematics worksheets-based instruction virtual phenomenon is very significant to improve science 
process skills and conceptual understanding of pre-service physics teachers. 

INTRODUCTION 

One of the basic competencies needed by pre-service physics teachers are science process skills and conceptual 
understanding [1]. These two competencies are strong basis so that pre-service physics teachers are ready to become 
professional physics teachers in implementing learning later to their students in unexpected situations such as during 
the current Covid-19 pandemic [2]. Therefore, it is important to train science process skills and conceptual 
understanding in physics education in 21st century learning [3]. 

Researchers conducted observations by giving 6 questions about understanding concepts and 5 questions about 
science process skills before conducting mechanics lectures in the academic year 2020/2021. Based on the results of 
observations, it is known that Science Process Skills (SPS) and Conceptual Understanding (CU) of pre-service physics 
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teachers are still low on the kinematics concept. This is because learning during the COVID-19 pandemic has not been 
optimal in training science process skills. In addition, the lack of exercises carried out by pre-service physics teachers 
also resulted in low conceptual understanding because the concepts were still memorized without being trained in 
solving new questions. This is a problem that must be resolved immediately by finding the right solution, one of which 
is making a worksheet. Several previous studies have stated that virtual simulations can improve understanding of the 
concept of direct current electrical circuits [4]. Other studies have also stated that worksheets integrated by terrarium 
media global warming materials can improve science process skills reached N-gain average 0.7 with high criteria. 
Worksheet was chosen to be developed as learning material in this research because worksheet can support the 
effectivity of learning based science process skill [5]. The next studies stated that virtual lab worksheets very effective 
on student learning outcomes on sound wave materials [6]. The results of other studies suggest that worksheets can 
improve students' conceptual understanding of acid-base titration [7]. 

Based on this background, researchers are interested in making kinematics worksheets with instructions that are 
easy to understand and suitable for use in online learning. This kinematics worksheets based virtual phenomenon is 
very suitable for online learning during the Covid-19 pandemic because it presents daily phenomenon to provide an 
overview of the phenomenon first so that it is easier to understand when answering questions and there is humor in 
the worksheet, so this worksheet has novelty from previous research. The purpose of this study is to determine the 
effectiveness of the kinematics of worksheets based instructions virtual phenomenon to improve science process skills 
and conceptual understanding of pre-service physics teachers. 

METHOD 

This research is a quantitative research with an experimental method. The research design is one group pretest-
posttest. The population of this research were pre-service physics teachers at Siliwangi University in the academic 
year 2020/2021. The research was conducted in the mechanics course consisting of 81 pre-service physics teachers 
with purposive sampling technique consists of 21 males and 60 females. All activities in this research conducted 
online. The worksheet was sent through Google Classroom in a form of .docx file in purpose the students can answer 
the questions in the worksheet. Pretest and posttest was assigned through Google Classroom. There are 6 conceptual 
understanding essay questions for pretest and posttests related to the kinematics phenomenon in daily life. It aimed to 
assess pre-service physics teacher’s understanding of kinematics related concepts based on Bloom’s Taxonomy (C2, 
C3, C4). Assessment of science process skills includes indicators of observing, classifying, interpreting, predicting 
and communicating consist of 5 essay questions. Improvement of pre-service physics teachers' science process skills 
and conceptual understanding calculated using the average N-Gain score. The effectiveness of the worksheet is known 
by calculating the effect size based on the pretest and posttest. 

RESULT AND DISCUSSION 

Based on data analysis in Fig. 1, it was found that the improvement of science process skills and conceptual 
understanding of pre-service physics teachers reached 0.56 and 0.47 which was categorized as moderate. Kinematics 
worksheets-based instruction virtual phenomenon also very significant and very effective to improve science process 
skills and conceptual understanding of pre-service physics teachers with effect size for science process skills and 
conceptual understanding are 3.5 and 1.9 are categorized very high. This result is in accordance with the results of 
previous studies which state that the virtual phenomenon presented is significant to improve student's conceptual 
understanding from the low to moderate category [8]. Other studies also show the same results that worksheets are 
very significant in improving science process skills [9]. The next study also states that worksheets that train pre-service 
physics teachers' science process skills can improve pre-service physics teachers' conceptual understanding [10]. The 
results of other studies also show the same results that worksheets improve science process skills through conceptual 
learning that is relevant in daily phenomena [11]. 
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FIGURE 1. The result of CU and SPS 

 
Figure 2 shows the results of the assessment for each indicator of student science process skills. This increase in 

N-Gain occurs because pre-service physics teachers observing skills are trained through daily virtual phenomena such 
as observing a person's trajectory or movement when walking, the movement of a runner and a cyclist, the motion of 
objects thrown vertically, the motion of a car or cart, the movement of a golfer and a shooter, who will shoot at the 
target when hunting. In classifying skills, pre-service physics teachers are asked to classify vector quantities and scalar 
quantities on the movement of a subject or object after observing them such as distance, displacement, speed, velocity, 
and acceleration. In addition, pre-service physics teachers must also classify the types of motion carried out by the 
subject or object being observed, including uniform straight motion or non-uniform straight motion. Furthermore, for 
predicting skills, students must predict when and where, the two subjects, namely runners and cyclist, meet in a 
condition that has been described virtually. In interpreting and communicating skills, pre-service physics teachers are 
asked to graph the displacement, velocity and acceleration against the time function first then interpret the type of 
motion of the subject or object then communicate the results by providing conclusions based on the observation of the 
object's movement graph. The results of this study are in accordance with the results of previous studies which state 
that worksheets on the topic of ecosystems can improve science process skills in the moderate category [12]. Other 
studies have also stated the same results that worksheets facilitate the improvement of science process skills in the 
high category [13]. 

 

FIGURE 2. The result indicator of SPS and aspect of CU 
 

The results of the assessment for each aspect of pre-service physics teacher’s concept understanding are shown in 
Fig. 2. This increase in conceptual understanding occurs because when pre-service physics teachers answer the 
worksheet they are required to understand the concept of kinematics first so that the answers given are correct. In 
addition, pre-service physics teachers must also analyze the type of movement of an object or subject to be able to 
determine the type of motion, then the daily virtual phenomena presented are also the application of the kinematics 
concept in daily activities so that it makes it easier for students to apply the concept of kinematics. Other studies have 
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shown the same results that worksheets are effective in improving conceptual understanding of quadratic functions 
and equations because they provide clear instructions to students [14]. In addition, the results of other studies also 
state that virtual learning is more effective in improving students' conceptual understanding of optical material [15]. 

Figure 3 shows some of the questions in the worksheet. Students see virtual phenomena first then read clear 
instructions and answer questions in a worksheet. There is humor in the worksheet so that students are entertained and 
not stressed out during online learning in the COVID-19 pandemic. Through the kinematics worksheets based 
instructions virtual phenomenon instructions, pre-service physics teachers are trained in observing skills through daily 
virtual phenomena that are presented and then practice other skills (classifying, interpreting, predicting and 
communicating) when answering questions in worksheets. In addition, students are trained to understand and analyze 
the concept of kinematics in daily  phenomena so that it will improve students' science process skills and conceptual 
understanding. Previous study stated that virtual learning using worksheets is very effective in 21st century learning 
because it can improve students' thinking skills from low to moderate levels [16]. Other studies have also stated that 
worksheets are also very effective in improving science process skills in science learning [17]. The next studies also 
state the virtual lab phenomenon as a learning medium that can improve science process skills during the COVID-19 
pandemic [18]. 

 
 

  
FIGURE 3. Examples of worksheet contents 

 

CONCLUSION 

In this study, it can be concluded that kinematics worksheets based instruction virtual phenomenon is very effective 
with very high category in improving science process skills and conceptual understanding. In addition, the instructions 
in the worksheet are also easy to understand and there is humor to make it more fun when pre-service physics teachers 
answer questions. Based on the results of data analysis, it can also be concluded that worksheets based instruction 
virtual phenomenon very significant to improve science process skills and conceptual understanding of pre-service 
physics teachers with the medium category because they are trained to improve science process skills and conceptual 
understanding by answering questions in the worksheet. 
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